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Abstract
Background: Pediatric pancreatic malignancies are extremely rare with an age 
population-adjusted incidence of 0.018 cases per 100,000. In adolescent girls, they 
usually present as solid pseudopapillary neoplasms[SPNs], low-grade malignant tumors 
of the exocrine pancreas. Due to their rarity and nonspecific clinical presentation, SPNs 
are frequently misdiagnosed. The treatment of choice is a complete surgical resection 
with 5-year survival rate of 97%. 
Case Report: We report a 17-year-old girl with SPN presenting with jaundice 
and itchy skin. She was initially misdiagnosed with hepatoblastoma, and treated 
with neoadjuvant chemotherapy. The girl later underwent surgical excision, and is in 
complete remission seven years after the diagnosis.
Conclusion: Although rare, SPNs need to be included in the differential 
diagnosis of abdominal masses in children. MRI detected, well-defined, encapsulated, 
heterogeneous mass, especially in adolescent females, should always be suspicious for 
SPN. Further prospective multi-institutional studies are required in order to standardize 
preoperative evaluation and reduce the high misdiagnosis rate. 
INTRODUCTIONSolid pseudopapillary neoplasms[SPNs] are low-grade malignant tumors of the exocrine pancreas predominantly affecting young women [1,2]. They account for up to 57% of all pediatric pancreatic malignancies, which are altogether exceedingly rare [3,4]. Due to their rarity and unclear clinical presentation, misdiagnosis is frequent [5]. The treatment of choice is a radical surgical resection with clear margins [5,6], even in cases of metastatic or locally invasive disease [7,8]. The prognosis is excellent with an estimated 5-year survival rate of 97% [9]. Herein, we report a case of SPN in an adolescent girl with an atypical clinical presentation, initially misdiagnosed for hepatoblastoma. 
CASE REPORTA 17-year-old girl was admitted to the Department of Pediatrics, Clinical Hospital Center Rijeka, Croatia, due to an 
ultrasonographically verified liver lesion, detected in primary care during the treatment of jaundice. Three weeks prior to admission, she was icteric, complaining of generalized itching of the skin and frequent light-colored stools. On physical examination, there was 
a palpable firm painless mass 4 cm below the right costal margin. 
On laboratory testing, lactate dehydrogenase was elevated, and 
liver function tests were altered confirming hepatic involvement: total and direct hyperbilirubinemia, elevated transaminases and gamma-glutamyltransferase. Abdominal ultrasound was suggestive of liver neoplasm, showing heterogeneous mass measuring 12 x 8 cm in size, with solid echogenic areas and small hypoechogenic/anechoic areas indicating necrosis [Figure 1]. The mass was pressing on bile ducts and ductus choledocus causing their dilatation. The extrahepatic spread was described to be present, resulting in right kidney and pancreas dislocation. 
Computed tomography[CT] of the abdomen confirmed 
ultrasound findings [Figure 2]. Chest X-ray, thoracic CT and bone scintigraphy showed no signs of distant metastases.
Histopathological and immunohistochemical findings of 
the tissue, obtained by ultrasound-guided fine-needle biopsy of the lesion, led to the diagnosis of embryonal hepatoblastoma. According to SIOPEL [International Childhood Liver Tumour 
Strategy Group], the neoplasm was classified in the PRETEXT III [Pretreatment Extent of Disease] category. Due to the presumed presence of extrahepatic disease and low serum levels of alpha-
fetoprotein [AFP], the tumor was classified as high risk. 
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Neoadjuvant chemotherapy according to SIOPEL 4 protocol was introduced, which the patient tolerated well. Abdominal CT showed no signs of tumor regression after two cycles of chemotherapy. Histological and immunohistochemical revision of tumor tissue was performed in a tertiary referral center, and 
another time the finding was suggestive for hepatoblastoma. The patient was presented to the multidisciplinary team, and the surgery was recommended as the best option for this patient. The girl  underwent cephalic duodenopancreatectomy[Whipple 
procedure] and cholecystectomy with lymphadenectomy of the hepatoduodenal and celiac region at Clinical Hospital Merkur, Zagreb. Well-encapsulated tumor of the head of the pancreas measuring 12 cm in diameter was removed with free margins. 
Histopathological findings set the diagnosis of the SPN of the pancreas [Figure 3]. No further therapy was administered. The girl is regularly followed-up clinically and with imaging studies. Seven years after the diagnosis she is in complete 
Figure 1 Abdominal ultrasound suggestive of heterogeneous liver lesion, measuring 12x8 cm.
Date: 13.03.2007
Time: 9:24:00
No.: 114
x 1.8
R
Acq No: 2
SL:-314.60
ST:2.00
CS:1.50
TI:500
kV:120.00
mA:90
Feed: 18.00
P
CM:
GT:0.00
ImC:ULTRAVIST 300 GASTROGRAFIN
W : 00300
C : 00040
Inst: KB RIJEKA- Radiologija Susak
Model: Sensation 16
114
Figure 2 Abdominal computed tomography suggestive of liver lesion.
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remission. She takes oral pancreatic enzyme substitution therapy. The presented case is the only pediatric pancreatic neoplasm diagnosed at University Children’s Hospital Rijeka in a 10-year-period [2004 – 2013].
DISCUSSIONMalignant pancreatic neoplasms are exceedingly rare in childhood and adolescence with an age population-adjusted incidence of 0.018 cases per 100,000 [4]. The Italian TREP [Tumori Rari in Età Pediatrica] project eported 21 patients diagnosed with a pancreatic malignancy under the age of 18 within a 10-year period [2000 – 2009] [3], while Perez et al. 
identified in SEER [United States Surveillance, Epidemiology, and End Results] Registry 1973-2004 only 58 patients aged less than 20 [4]. Females outnumber males, and 70% of patients are white. Most of the neoplasms are exocrine and include pancreatoblastomas, SPNs, ductal adenocarcinomas and acinar 
cell carcinomas. Others are classified as endocrine tumors and sarcomas. While pancreatoblastomas are prevalent in younger children, SPNs are usually diagnosed in adolescents, especially females [4].  
SPNs of the pancreas are rare entities of low malignant 
potential that were first described by Frantz in 1959 [1, 10]. They account for only 0.17-2.7% of all pancreatic tumors [2], 
while in the pediatric age group they form a significantly higher proportion[17-57%] [3,4]. The incidence rate of SPNs has been apparently rising over the last two decades, probably as a result of an increased awareness and use of advanced imaging modalities [11]. Due to their rarity, the data on SPNs is scarce, mainly arising from small series and case reports. The largest study ever conducted comprised 718 cases;  majority of the reports originated from Europe, Japan, and the United States of America [2].Until 1996, when the World Health Organization[WHO] 
defined them as solid-pseudopapillary tumors[SPTs], encompassing their two most distinct histological features, there was no consensus over a unique name [12]. SPNs were known under a spectrum of names such as papillary epithelial neoplasms, solid and cystic tumors, solid and papillary tumors, papillary cystic tumors, solid and papillary epithelial neoplasms, and Frantz tumors [5,13]. WHO reclassified them as solid-pseudopapillary neoplasms[SPNs] in 2010 [1]. 
Figure 3 Histology of solid pseudopapillary neoplasm obtained obtained by ultrasound-guided fine-needle biopsy[A-C] and  after duodenopancreatectomy [D-F].  Note the heterogeneous growth pattern  with combination of solid, pseudopapillary, and hemorrhagic pseudocystic structures.
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SPNs predominantly affect young women with over 90% of cases reported in women under the age of 35. Papavramidises’ study detected a tenfold women preponderance. The age range was 2 to 85 years, and the mean age at diagnosis was 21.97 years [6]. In another large retrospective study, Yu et al. reported similar results; female to male ratio was 8.37 to 1, and a median 
age of 27.2 years [9]. Machado et al. identified that at the time of diagnosis male patients were more than a decade older, and had more aggressive neoplasms compared to their female counterparts, even though there was no observed difference in tumor size among genders. Therefore, radical surgery was more frequently conducted in male patients [14]. SPNs have unique immunohistochemical patterns and 
molecular profiles distinguishing them from other primary 
pancreatic neoplasms [15,16]. They are classified as epithelial tumors, although many are reported to be negative for cytokeratin. The most consistent immunohistochemical markers 
are vimentin, alpha-1-antitrypsin[AAT], neuron-specific enolase[NSE] and the progesterone receptor, each found in more than 90% of SPNs [16]. Endocrine and pancreatic enzyme markers are absent [15]. In 95% of cases, SPNs show an alteration of the 
APC[adenomatous polyposis coli]/β-catenin signaling pathway and loss of heterozygosity[LOH] on chromosome 5q22 [17]. Other mutations classically observed in pancreatic tumors, such as K-ras, p53, and SMAD4, are not present in SPNs, reinforcing their distinct nature [15,18,19]. The exact origin of SPNs is still enigmatic. Some theories advocate the origin from multipotent primordial cells since SPNs express epithelial, mesenchymal, exocrine and endocrine features [15,20,21]. Others favor ovarian anlage-related cells, which may be correct given the accentuated female predilection, high expression of progesterone receptors, and the fact that they were attached to the pancreatic tissue during early embryogenesis [16]. Histologically, SPNs are characterized by pseudorosettes formed of monomorphous, small to medium sized polygonal cells with eosinophilic and vacuolar cytoplasm surrounding an ovoid nucleus. The mitotic index and Ki67 are usually low which goes in favor of an indolent behavior [15,22]. Histological features of clinically more aggressive tumors include extensive necrosis, nuclear atypia, high mitotic rate, spindling of tumor cells, anaplastic giant cells, capsular invasion, lympho-vascular involvement, and sarcomatoid areas [15,23]. Hwang et al. 
identified an association between a higher proportion of solid component of the tumor and a greater chance of malignancy and recurrence in pediatric patients [24]. Macroscopically, SPNs are large, well-demarcated, encapsulated masses, with alternating solid and hemorrhagic/necrotic areas [15]. Due to slow growth 
and nonspecific clinical presentation, diagnosis may be delayed and tumors are often large in proportions, measuring even 
more then 30 cm at the time of identification [2]. The average diameter is 6.08 cm, but the tumor size tends to be smaller in patients treated in more recent years [2,14]. Pediatric SPNs are 
significantly larger compared to those in adults, and located mainly in the head of the pancreas [25]. Approximately 10-20% of patients have metastases, primarily hepatic [2,9]. SPNs produce a wide range of nonspecific symptoms. Nearly one third of adult patients are asymptomatic, while all pediatric patients have symptoms [9,25]. The most common are 
abdominal pain, mass and discomfort. In children, coexistence of two or more symptoms is common [9]. Jaundice was one of the earliest and leading symptoms in our patient, resulting from the above-average size of the lesion and its location in the pancreas head causing therefore the obstruction and dilatation of bile ducts and ductus choledocus.  Published studies suggest that it occurs rarely. In Papavramides’ series, only 1% of patients with pancreatic head tumors had jaundice [2], and Yu et al. reported a slightly higher occurence of 3,59% [9]. Currently, there is no consensus about the optimal preoperative evaluation of SPNs, and their diagnosis remains a challenge. Due to their rarity and unclear clinical presentation, they are frequently misdiagnosed[in over 60% of patients], mainly for pancreatic adenocarcinomas [9,11]. SPNs are not associated 
with specific laboratory findings, including serum tumor markers 
[11]. The diagnosis is mostly based on radiological findings. Abdominal ultrasound with Doppler is useful for locating the 
lesions in the pancreas and detecting low blood flow around them [6]. The primary modality used to evaluate SPNs is the multiphase contrast-enhanced CT with an accuracy rate of 60% [26]. In general, SPNs show no enhancement of the cystic portions while the capsule and solid portions enhance in both arterial and portal venous phases. This differs them from pancreatic adenocarcinomas that are hypoattenuated in the venous phase, and neuroendocrine tumors that are hyperattenuated in the arterial phase [27,28]. Magnetic resonance imaging [MRI] is superior to CT in delineating pathological characteristics suggestive for SPNs due to its greater contrast resolution [6,29]. 
Endoscopic ultrasound-guided fine-needle aspiration[EUS-FNA] is highly accurate, and may be particularly useful in identifying rare pediatric patients [30]. In the presented case, the diagnosis was based on 
histopathological findings of the surgically obtained tissue as 
radiological findings[both repeated abdominal ultrasound and CT] were misleading and suggestive of a hepatic neoplasm. Therefore, radiologists should also consider this rare entity 
in the differential diagnosis of heterogeneous, well-defined, encapsulated abdominal masses. The treatment of choice is a complete surgical resection with clear margins, even in case of hepatic involvement or local recurrence [6,7,8]. The most common surgical procedure in children is pancreaticoduodenectomy[PD] [pylorus preserving PD/Whipple procedure] [25]. The spleen should be preserved in childhood in order to avoid the overwhelming post-splenectomy infection syndrome [31]. Postoperative complications include 
pancreatic fistula, pancreatitis, steatorrhea, wound infection, 
biliary fistula, prolonged gastric emptying, gastrointestinal bleeding, diabetes mellitus, and ileus [9]. Even complications are more frequent in adults, postoperative hospital stay is longer in children, and so is the follow-up period [25]. The role 
of chemotherapy and radiotherapy is currently poorly defined. Rebhandl et al. reported successful adjuvant chemotherapy with ifosfamide, cisplatine and VP-16 in a pediatric patient with metastasized SPN [32].  The prognosis is excellent with an estimated 1-, 3- and 5-year survival rate of  99.4%, 97.5%, and 96.9%, respectively [9]. 
CONCLUSION Although rare, SPNs need to be included in the differential diagnosis of palpable abdominal masses in children. An MRI 
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demonstrated, well-defined encapsulated heterogeneous mass, especially in adolescent females, should always be suspicious for SPN. Further prospective multi-institutional studies are required in order to standardize preoperative evaluation and reduce the high misdiagnosis rate. 
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